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1
SYSTEMS AND METHODS FOR MIXING
THERAPEUTIC AGENTS BEFORE AND/OR
DURING ADMINISTRATION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to systems and methods for mixing
therapeutic cells before and/or during localized delivery,
preferably to a biological lumen.

2. Description of the Related Art

A variety of techniques and instruments have been devel-
oped for use in the removal or repair of tissue in biological
conduits, e.g., without limitation, blood vessels and similar
body passageways. A frequent objective of such techniques
and instruments is the removal of atherosclerotic plaques in a
patient’s arteries. Atherosclerosis is characterized by the
buildup of fatty deposits (atheromas) in the intimal layer
(under the endothelium) of a patient’s blood vessels. Very
often over time, what initially is deposited as relatively soft,
cholesterol-rich atheromatous material hardens into a calci-
fied atherosclerotic plaque. Such atheromas restrict the flow
ofblood, and therefore often are referred to as stenotic lesions
or stenoses, the blocking material being referred to as stenotic
material. If left untreated, such stenoses can cause angina,
hypertension, myocardial infarction, strokes, leg pain and the
like.

Rotational atherectomy procedures have become a com-
mon technique for removing such stenotic material. Such
procedures are used most frequently to initiate the opening of
calcified lesions in coronary arteries. Most often the rota-
tional atherectomy procedure is not used alone, but is fol-
lowed by a balloon angioplasty procedure, which, in turn, is
very frequently followed by placement of a stent to assist in
maintaining patency of the opened artery. For non-calcified
lesions, balloon angioplasty most often is used alone to open
the artery, and stents often are placed to maintain patency of
the opened artery. Studies have shown, however, that a sig-
nificant percentage of patients who have undergone balloon
angioplasty and had a stent placed in an artery experience
stent restenosis—i.e., blockage of the stent which most fre-
quently develops over a period of time as a result of excessive
growth of scar tissue within the stent. In such situations an
atherectomy procedure is the preferred procedure to remove
the excessive scar tissue from the stent (balloon angioplasty
being not very effective within the stent), thereby restoring
the patency of the artery.

Several kinds of rotational atherectomy devices have been
developed for attempting to remove stenotic material. In one
type of device, such as that shown in U.S. Pat. No. 4,990,134
(Auth), a burr covered with an abrasive abrading material
such as diamond particles is carried at the distal end of a
flexible drive shaft. The burr is rotated at high speeds (typi-
cally, e.g., in the range of about 150,000-190,000 rpm) while
it is advanced across the stenosis. As the burr is removing
stenotic tissue, however, it blocks blood flow. Once the burr
has been advanced across the stenosis, the artery will have
been opened to a diameter equal to or only slightly larger than
the maximum outer diameter of the burr. Frequently more
than one size burr must be utilized to open an artery to the
desired diameter.

U.S. Pat. No. 5,314,438 (Shturman) discloses another
atherectomy device having a drive shaft with a section of the
drive shaft having an enlarged diameter, at least a segment of
this enlarged surface being covered with an abrasive material
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to define an abrasive segment of the drive shaft. When rotated
at high speeds, the abrasive segment is capable of removing
stenotic tissue from an artery.

U.S. Pat. No. 6,494,890 (Shturman) discloses an atherec-
tomy device having a drive shaft with an enlarged eccentric
section, wherein at least a segment of this enlarged section is
covered with an abrasive material. When rotated at high
speeds, the abrasive segment is capable of removing stenotic
tissue from an artery. The device is capable of opening an
artery to a diameter that is larger than the resting diameter of
the enlarged eccentric section due, in part, to the orbital
rotational motion during high speed operation. The disclosure
of U.S. Pat. No. 6,494,890 is hereby incorporated by refer-
ence in its entirety.

Another method of treatment of occluded biological
lumens, e.g., vessels, may include the use of stents. Stents
may be placed at the site of a stenosis and expanded to widen
the lumen, remaining in position as an implant.

No matter the technique used to open an occluded biologi-
cal lumen, e.g., blood vessel, and restore normal fluid flow
therethrough, one problem remains: restenosis. A certain per-
centage of the treated conduits and vessels will reocclude
(restenose) after a period of time; occurring in as many as
40-50% of the cases. When restenosis does occur, the original
procedure may be repeated or an alternative method may be
used to reestablish fluid, e.g., blood, flow.

The relevant commonality shared by each of the above
treatment methods is that each one results in some trauma to
the biological lumen wall. Restenosis occurs for a variety of
reasons; each involving trauma. Small clots may form on the
wall. Small tears in the wall expose the blood to foreign
material and proteins which are highly thrombogenic. Result-
ing clots may grow gradually and may even contain growth
hormones released by platelets within the clot. Moreover,
growth hormones released by other cells, e.g., macrophages,
may cause smooth muscle cells and fibroblasts in the affected
region to multiply in an abnormal fashion. There may be an
injury in the biological lumen wall due to the above methods
that results in inflammation which may result in the growth of
new tissue.

It is known that certain therapeutic agents may have a
positive effect on prevention and/or inhibition of restenosis
However, intravenous medications are delivered systemically
by vein, or regionally, e.g., through intra-lumen infusion
without targeting the subject region. Such unnecessary sys-
temic exposure results with unknown and unnecessary
adverse results in regions, tissue, and/or organs that are dis-
tant from the region of interest. Clearly, systemic delivery and
exposure is not well suited to treatment of diseases or condi-
tions having a single intra-lumen region of interest.

The potential utility of mixing therapeutic agents before or
during localized application of a therapeutic dose of the thera-
peutic agent(s) is not limited to treatment of coronary arteries
and may comprise any biological lumen. For example,
beyond coronary artery delivery, other sites of atherosclero-
sis, e.g., renal, iliac, femoral, distal leg and carotid arteries, as
well as saphenous vein grafts, synthetic grafts and arterio-
venous shunts used for hemodialysis would be appropriate
biological conduits for a localized therapeutic substance
delivery method and mechanism. Nor is the potential utility
limited to blood vessels; any biological lumen having aregion
of interest amenable to treatment may benefit from such a
treatment method and mechanism. Finally, the utility of the
various embodiments of the present invention are not limited
to application to a biologic lumen or conduit. The present
invention may be used in virtually any application whereby
mixing of therapeutic agent(s) is desired.
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One particular problem with one form of therapeutic agent
or substance is the tendency for therapeutic cells, e.g., stem
cells, to not remain dispersed within a carrier fluid. This
results in a failure to provide a continuous dosing strength as
the therapeutic agent comprising cells is administered; some
regions will receive relatively small doses of the cells, while
other regions may receive a super dosing of the cells. In either
case, the therapeutic benefit is not maximized and may be
harmful to the patient. The present invention is not, however,
limited to the mixing of cells. Other therapeutic agents,
including but not limited to mixtures of two or more thera-
peutic agents, may benefit from the present invention.

The present invention overcomes these deficiencies.

BRIEF SUMMARY OF THE INVENTION

The invention provides systems and methods for mixing of
therapeutic agents before and/or during the localized appli-
cation of the therapeutic agents. Most preferably, the present
invention provides systems and methods for mixing of thera-
peutic agents before and/or during administration of the
agents within a biological lumen. Various embodiments of the
present invention comprise systems and methods for inducing
a mixing state in the therapeutic agents, thereby inducing
and/or maintaining homogeneity of the agents before and/or
during localized delivery.

The figures and the detailed description which follow more
particularly exemplify these and other embodiments of the
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention may be more completely understood in con-
sideration of the following detailed description of various
embodiments of the invention in connection with the accom-
panying drawings, which are as follows.

FIG. 1 is a side partial cutaway view of one embodiment of
the present invention;

FIG. 2 is a side partial cutaway view of one embodiment of
the present invention;

FIG. 3 is a side partial cutaway view of one embodiment of
the present invention;

FIG. 4 is a side partial cutaway view of one embodiment of
the present invention;

FIG. 5 is a side view of one embodiment of the present
invention;

FIG. 6 is a side partial cutaway view of one embodiment of
the present invention;

FIG. 7 is a side view of one embodiment of the present
invention;

FIG. 8 is a side view of one embodiment of the present
invention;

FIG. 9 is a side partial cutaway view of one embodiment of
the present invention;

FIG. 10A is a side view of one embodiment of the present
invention; and

FIG. 10B is a top view of one embodiment of the present
invention.

DETAILED DESCRIPTION OF THE INVENTION,
INCLUDING THE BEST MODE

While the invention is amenable to various modifications
and alternative forms, specifics thereof are shown by way of
example in the drawings and described in detail herein. It
should be understood, however, that the intention is not to
limit the invention to the particular embodiments described.
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On the contrary, the intention is to cover all modifications,
equivalents, and alternatives falling within the spirit and
scope of the invention.

For the purposes of the present invention, the following
terms and definitions apply:

“Bodily disorder” refers to any condition that adversely
affects the function of the body including but certainly not
limited to regenerative medicine.

The term “treatment” includes prevention, reduction,
delay, stabilization, and/or elimination of a bodily disorder,
e.g., avascular disorder or regenerative medicinal techniques
using for example stem cells. In certain embodiments, treat-
ment comprises repairing damage cause by the bodily, e.g.,
vascular, disorder and/or intervention of same, including but
not limited to mechanical intervention.

A “therapeutic agent” comprises any substance capable of
exerting an effect including, but not limited to therapeutic,
prophylactic or diagnostic. Thus, therapeutic agents may
comprise anti-inflammatories, anti-infectives, analgesics,
anti-proliferatives, and the like including but not limited to
antirestenosis drugs. Therapeutic agent further comprises
mammalian stem cells. Therapeutic agent as used herein fur-
ther includes other drugs, genetic materials and biological
materials. The genetic materials mean DNA or RNA, includ-
ing, without limitation, of DNA/RNA encoding a useful pro-
tein, intended to be inserted into a human body including viral
vectors and non-viral vectors. Viral vectors include adenovi-
ruses, gutted adenoviruses, adeno-associated virus, retrovi-
ruses, alpha virus, lentiviruses, herpes simplex virus, ex vivo
modified cells (e.g., stem cells, fibroblasts, myoblasts, satel-
lite cells, pericytes, cardiomyocytes, skeletal myocytes, mac-
rophage), replication competent viruses, and hybrid vectors.
Non-viral vectors include artificial chromosomes and mini-
chromosomes, plasmid DNA vectors, cationic polymers,
graft copolymers, neutral polymers PVP, SP1017, lipids or
lipoplexes, nanoparticles and microparticles with and without
targeting sequences such as the protein transduction domain
(PTD). The biological materials include cells, yeasts, bacte-
ria, proteins, peptides, cytokines and hormones. Examples for
peptides and proteins include growth factors (FGF, FGF-1,
FGF-2, VEGF, Endotherial Mitogenic Growth Factors, and
epidermal growth factors, transforming growth factor .alpha.
and .beta., platelet derived endothelial growth factor, platelet
derived growth factor, tumor necrosis factor .alpha., hepato-
cyte growth factor and insulin like growth factor), transcrip-
tion factors, proteinkinases, CD inhibitors, thymidine kinase,
and bone morphogenic proteins. These dimeric proteins can
be provided as homodimers, heterodimers, or combinations
thereof, alone or together with other molecules.

Therapeutic agents further includes cells that can be of
human origin (autologous or allogeneic) or from an animal
source (xenogeneic), genetically engineered, if desired, to
deliver proteins of interest at the transplant site. Cells within
the definition of therapeutic agents herein further include
whole bone marrow, bone marrow derived mono-nuclear
cells, progenitor cells (e.g., endothelial progentitor cells)
stem cells (e.g., mesenchymal, hematopoietic, neuronal),
pluripotent stem cells, fibroblasts, macrophage, and satellite
cells.

Therapeutic agent also includes non-genetic substances,
such as: anti-thrombogenic agents such as heparin, heparin
derivatives, and urokinase; anti-proliferative agents such as
enoxaprin, angiopeptin, or monoclonal antibodies capable of
blocking smooth muscle cell proliferation, hirudin, and ace-
tylsalicylic acid, amlodipine and doxazosin; anti-inflamma-
tory agents such as glucocorticoids, betamethasone, dexam-
ethasone, prednisolone, corticosterone, budesonide,
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estrogen, sulfasalazine, and mesalamine; antineoplastic/anti-
proliferative/anti-miotic agents such as paclitaxel, 5-fluorou-
racil, cisplatin, vinblastine, vincristine, epothilones, methotr-
exate, azathioprine, adriamycin and mutamycin; endostatin,
angiostatin and thymidine kinase inhibitors, taxol and its
analogs or derivatives; anesthetic agents such as lidocaine,
bupivacaine, and ropivacaine; anti-coagulants such as hep-
arin, antithrombin compounds, platelet receptor antagonists,
anti-thrombin anticodies, anti-platelet receptor antibodies,
aspirin, dipyridamole, protamine, hirudin, prostaglandin
inhibitors, platelet inhibitors and tick antiplatelet peptides;
vascular cell growth promotors such as growth factors, Vas-
cular Endothelial Growth Factors, growth factor receptors,
transcriptional activators, and translational promotors; vas-
cular cell growth inhibitors such as antiproliferative agents,
growth factor inhibitors, growth factor receptor antagonists,
transcriptional repressors, translational repressors, replica-
tion inhibitors, inhibitory antibodies, antibodies directed
against growth factors, bifunctional molecules consisting of a
growth factor and a cytotoxin, bifunctional molecules con-
sisting of an antibody and a cytotoxin; cholesterol-lowering
agents; vasodilating agents; and agents which interfere with
endogenous vasoactive mechanisms; anti-oxidants, such as
probucol; antibiotic agents, such as penicillin, cefoxitin,
oxacillin, tobranycin angiogenic substances, such as acidic
and basic fibrobrast growth factors, estrogen including estra-
diol (E2), estriol (E3) and 17-Beta Estradiol; and drugs for
heart failure, such as digoxin, beta-blockers, angiotensin-
converting enzyme, inhibitors including captopril and enalo-

pril. The biologically active material can be used with (a)

biologically non-active material(s) including a solvent, a car-

rier or an excipient, such as sucrose acetate isobutyrate, etha-
nol, n-methyl pymolidone, dimethyl sulfoxide, benzyl
benxoate and benzyl acetate.

Further, “therapeutic agent” includes, medically therapeu-
tic substances administered to a procedurally traumatized,
e.g., by an angioplasty or atherectomy procedure, mamma-
lian vessel to inhibit restenosis, e.g., a cytoskeletal inhibitor
or a smooth muscle inhibitor, including, for example, taxol
and functional analogs, equivalents or derivatives thereof
such as taxotere, paclitaxel, Abraxane™, Coroxane™ or a
cytochalasin, such as cytochalasin B, cytochalasin C,
cytochalasin A, cytochalasin D, or analogs or derivatives
thereof.

Additional specific examples of “therapeutic agents™ that
may be mixed before and/or during administration to a bio-
logical lumen using various embodiments of the present
invention comprise, without limitation:

L-Arginine;

Adipose Cells;

Genetically altered cells, e.g., seeding of autologous endot-
helial cells transfected with the beta-galactosidase gene
upon an injured arterial surface;

Erythromycin;

Penicillin:

Heparin;

Aspirin;

Hydrocortisone;

Dexamethasone;

Forskolin;

GP IIb-IIla inhibitors;

Cyclohexane;

Rho Kinsase Inhibitors;

Rapamycin;

Histamine;

Nitroglycerin;

Vitamin E;
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Vitamin C;

Stem Cells;

Growth Hormones;

Hirudin;

Hirulog;

Argatroban;

Vapirprost;

Prostacyclin;

Dextran;

Erythropoietin;

Endothelial Growth Factor;
Epidermal Growth Factor;

Core Binding Factor A;

Vascular Endothelial Growth Factor;
Fibroblast Growth Factors;
Thrombin;

Thrombin inhibitor; and
Glucosamine, among many other therapeutic substances.

The therapeutic agent mixing systems and methods of the
present invention can be used to mix the therapeutic agent
before application or delivery to treat any bodily disorder
requiring or desiring mixing of the therapeutic agent(s)
before and/or during the delivery or administration of the
agent(s). Such bodily disorder comprises, without limitation,
any bodily disorder within any biological lumen where a
catheter can be inserted including any surface within the
lumen. Such biological lumen includes, inter alia, blood ves-
sels, e.g., coronary and peripheral vessels, urinary tract, coro-
nary vasculature, esophagus, trachea, colon, and biliary tract.

The therapeutic agent mixing systems and methods of the
present invention may be employed before and/or during
delivery of the therapeutic agent to treat any biological dis-
order, including a biological disorder treated within the bio-
logical lumen. Moreover, as described in commonly assigned
application Ser. No. 13/026,567, the therapeutic agent(s) may
be loaded on the application device on a distal location for
delivery of the agent(s) to a biological lumen in order to
prevent shearing stress and wasting. Further application sys-
tems and methods are described in commonly assigned appli-
cation Ser. No. 13/027,391, including proximal loading and
delivery of therapeutic agent(s) to a biological lumen. Appli-
cation Ser. Nos. 13/026,567 and 13/027,391 are both hereby
incorporated in their entirety by reference.

Thus, the therapeutic agent mixing systems and methods of
the present invention may be applied to the delivery systems
and methods described in the incorporated applications, or to
alternative delivery systems and methods for delivering thera-
peutic agent(s) to treat a bodily disorder, preferably but not
limited to a bodily disorder within a biological lumen.

In the preferred case, a catheter will be inserted into a
patient’s biological lumen, e.g., an artery, with means for
delivering therapeutic agent(s) to the lumen as described,
inter alia, in application Ser. Nos. 13/026,567 and 13/027,391
or other known means. In some case, the therapeutic agents
will be preloaded in a distal region of the catheter or a delivery
sheath disposed within the catheter or other distal delivery
means. In other cases, the therapeutic agent will be adminis-
tered by the operator on the proximal end of the catheter, the
therapeutic agent traveling the length of the catheter to reach
the delivery means. Such delivery means for delivering thera-
peutic agent(s) to the lumen will be referred to herein as distal
therapeutic agent delivery means and include, without limi-
tation, inflatable balloons, stents, delivery sheaths, delivery
devices comprising holes or pores through which the thera-
peutic agent(s) is delivered, either under pressure or as a result
of centrifugal force generated during high-speed rotation.
Other distal therapeutic agent delivery means may occur to
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the skilled artisan, each such distal therapeutic agent delivery
means is within the scope of the present invention.

FIG. 1 illustrates one system for mixing at least one thera-
peutic agent before and/or during delivery of the agent(s) to a
distal therapeutic agent delivery means. System 100 com-
prises a syringe 110 comprising a hollow body 120 for storing
the therapeutic agent(s) 10 therein to be delivered with a
plunger 130 translatable therethrough and a distal port 140,
wherein translating the plunger 130 through hollow body 120
and against the stored therapeutic agent(s) pressures the
therapeutic agent(s) 10 to move out of the hollow body 120
through distal port 140 as is well known in the art. Ultimately,
as described supra, the therapeutic agent(s) are delivered to
the distal therapeutic agent delivery means 150 via the lumen
of delivery sheath 155 whereby the therapeutic agent(s) 10 is
delivered to the biological lumen 160.

An internal mixer 171 comprising a metallic member 175,
preferably steel is disposed within hollow body 120. An exter-
nal rotating magnet 185, disposed adjacent the hollow body
120, and external to the hollow body 120, is provided,
wherein the metallic member 175 is magnetically coupled to
the external rotating magnet 185, whereby movement of the
external rotating magnet 185 induces movement in the inter-
nal mixer 171, comprising the metallic member 175. The
internal mixer 171 comprises a diameter that is less than the
interior diameter of hollow body 120 and a shape that allows
movement of the internal mixer 171, e.g., rotation, within the
hollow body 120 when actuated by the external rotating mag-
net 185. This actuation of the internal mixer 171, results when
the external rotating magnet 185 may be rotated radially
around the hollow body 120 of syringe 110, though other
movement pattern of the external rotating magnet 185 may be
recognized by the skilled artisan; each such movement pat-
tern is within the scope of the present invention. Moreover,
this rotation and/or movement can, as the skilled artisan will
readily recognize, be accomplished either by mechanical
means or electrically driven, e.g., by use of an electromagnet.
The rotation of the external rotating magnet 185 may be
continuous or intermediate, depending on the characteristics
of the particular therapeutic agent(s) 10 in hollow body 120.

Thus, the internal mixer 171 and the therapeutic agent(s)
10 in hollow body 120 may be actuated into a mixing state by
actuation of the rotation of external rotating magnet 185 at
any point before or during the procedure to deliver the thera-
peutic agent(s) 10 to the biological lumen 160 using the distal
therapeutic agent delivery means 150. Generally, it may be
preferred to actuate the therapeutic agent(s) 10 into a mixing
state to induce and/or maintain the homogeneity of the
agent(s) 10 at some point before activating the plunger 130 to
cause the mixing therapeutic agent(s) 10 out of distal port 140
into, e.g., proximal port 190 and the lumen of delivery sheath
155 and to distal therapeutic agent delivery means 150. Such
mixing, or maintenance of the mixing state, may be sustained
during the process of moving the therapeutic agent(s) out of
the hollow body 120 through distal port 140 via proximal port
190 to maximize the mixing of the agent(s) 10 throughout the
process.

Turning now to FIG. 2, another system 200 for mixing at
least one therapeutic agent before and/or during delivery of
the agent(s) 10 to a distal therapeutic agent delivery means
150 within a biological lumen 160 is presented. System 200
comprises delivery sheath 155 having a lumen therethrough,
positioned within the patient’s biological lumen 160, with
distal therapeutic agent delivery means 150 positioned near
the therapeutic point of interest in lumen 160 for delivery of
the therapeutic agent(s) 10 thereto. Therapeutic agent(s) 10 is
injected into lumen of delivery sheath 155 at, e.g., a proximal
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port 190, where the agent(s) 10 may be urged distally down
lumen of delivery sheath 155. The mixing system 100 of FIG.
1, may be used, e.g., to achieve the injection of agent(s) 10
into proximal port 190. Since the agent(s) 10 may be resident
within lumen of delivery sheath 155 for a period of time
which may result in agent(s) 10 becoming less homogeneous
over time spent therein, a mixing state of the agent(s) 10 while
in the lumen of the delivery sheath 155 is desirable to main-
tain the homogeneity of the agent(s) 10. Such a mixing state
may be achieved by application of ultrasonic energy provided
at the proximal end of delivery sheath 155 by an ultrasonic
generator 172 which provides relatively low frequency
energy, ¢.g., within the range o' 10 k to 400 khz. Thus, turning
the ultrasonic generator 172 will subject the delivery sheath
155 and its contents, comprising the at least one therapeutic
agent 10, within the lumen of sheath 155 to vibrational
energy. This vibrational energy mixes the therapeutic agent(s)
10 along the passage from proximal port 190, through lumen
of'delivery sheath 155 and to distal therapeutic agent delivery
means 150 for delivery to biological lumen 160. Other
mechanisms for inducing mixing state by vibrating the sheath
155 and its contents therein may present themselves to the
skilled artisan; each such mechanism is within the scope of
the present invention.

FIG. 3 illustrates another system 300 for mixing at least
one therapeutic agent before and/or during delivery of the
agent(s) 10 to a distal therapeutic agent delivery means 150
within a biological lumen 160. Delivery sheath 155 is filled
with the desired therapeutic amount of at least one therapeutic
agent 10 using, e.g., proximal port 190. The mixing system
100 of FIG. 1, may be used, e.g., to achieve the injection of
homogeneously mixed agent(s) 10 into proximal port 190.
Alternatively, a distal loading of a cell cassette or equivalent
may be used to preload and provide the therapeutic agent(s)
10 to lumen of delivery sheath 155.

When therapeutic agent(s) 10 is within lumen of delivery
sheath 155, wherein delivery sheath 155 is positioned within
biological lumen 160 of patient with distal therapeutic agent
delivery means 150 positioned near the therapeutic region of
interest, the agent(s) 10 may require a mixing state to remain
homogeneous. To achieve and/or maintain the mixing state
and homogeneity of agent(s) 10 while resident in lumen of
sheath 155, system 300 comprises a hollow ball 202 compris-
ing a plurality of circumferential structures 210, with space
therebetween to allow flow and movement of agent(s) 10
therebetween and therethrough. The arrangement of circum-
ferential structures 210 may comprise a vertical and horizon-
tal matrix as illustrated in FIG. 3. Other circumferential struc-
ture 210 arrangements may present themselves to the skilled
artisan, each arrangement is within the scope of the present
invention.

Fixedly connected to at least one of the circumferential
structures 210 is an elongated, flexible rod or wire 220. Rod
220 extends through lumen of delivery sheath 155 to the
proximal end of the sheath 155 where the operator may slid-
ably and axially translate the rod 220, and therefore the hol-
low ball 202 within the lumen of delivery sheath 155. As the
hollow ball 202 translates through the therapeutic agent(s)
within lumen of sheath 155, the agent(s) 10 flow around and
through the hollow ball 202 and its circumferential structures
210, creating a mixing state and inducing and/or maintaining
homogeneity of the therapeutic agent(s) 10 as they move
through the sheath 155 to distal therapeutic agent delivery
means 150 for delivery to biological lumen 160.

FIG. 4 illustrates one embodiment of a system 400 for
mixing at least one therapeutic agent before and/or during
delivery of the agent(s) 10 to a distal therapeutic agent deliv-
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ery means 150 within a biological lumen 160. In this embodi-
ment, syringe 402 comprises a hollow body 404 and a plunger
410 which comprises a plungeable handle 412 and a plunging
body 414, the plunging body 414 disposed within hollow
body 404 and comprising curvilinear distal surface 430. Cur-
vilinear distal surface 430 comprises a curvilinear profile as
illustrated to induce eddy currents 440 swirling distally ahead
of the distally advancing plunger 410 and its distal surface
430. In this way, the therapeutic agent(s) 10 in the region of
induced eddy currents 440 are in a mixing state, thereby
homogenizing the agent(s) 10. The syringe 402 may comprise
a distal outflow port 450 through which the homogenized
agent(s) 10 may be pressured out of hollow body 404 and
ultimately to a distal therapeutic agent delivery means 150
positioned within a patient’s biological lumen 160. As illus-
trated, proximal delivery port 190 may interface with
syringe’s distal outflow port 450, thereby allowing the flow-
ing homogenized therapeutic agent(s) 10 to move through
port 450 and into port 190. From port 190, which is in fluid
communication with the lumen of delivery sheath 155, the
therapeutic agent(s) 10 move into and distally through lumen
of delivery sheath 155 and into distal therapeutic agent deliv-
ery means 150 for delivery to biological lumen 160. Alterna-
tively, the agent(s) 10 may be moved through syringe’s distal
port 450 into a distal loading within delivery sheath 155 or
within distal delivery means 150 for subsequent movement
into distal therapeutic agent delivery means 150 and delivery
to biological lumen 160.

Turning now to FIGS. 5-7, another embodiment of a sys-
tem 500 for mixing at least one therapeutic agent before
and/or during delivery of the agent(s) 10 to a distal therapeu-
tic agent delivery means 150 within a biological lumen 160 is
provided. System 500 comprises a therapeutic agent delivery
sheath 155 comprising a lumen and a therapeutic agent cas-
sette 250 in communication with lumen of sheath 155 and
which seeks to reduce shear stress and damage, eliminate
waste and isolate therapeutic agents. The therapeutic agent
cassette 250 may comprise a flexible polymer tube 252 hav-
ing a lumen therethrough comprising a diameter and a raised
spiral guide 254 defined within lumen. Cassette 250 may be
preloaded with a predetermined amount of therapeutic
agent(s) 10 and further comprises a proximal end through
which pressure may be applied to cause the therapeutic
agent(s) 10 to move out of the distal end of cassette 250 and
into the distal therapeutic agent delivery means 150 for deliv-
ery to the biological lumen 160. Application of pressure may
comprise an isolation plug 260 inserted and translatable
through lumen of delivery sheath 155 which may be moved
by a pressuring saline 280 injection with a syringe device 170
as illustrated or, alternatively, by a mechanical means such as
a wire that is pushed distally against isolation plug 260
through the lumen of sheath 155. Isolation plug 260 com-
prises a guide region 262, plug 260 therefore comprising a
shape that is complementary to the lumen of cassette 250
comprising raised spiral guide 254 of cassette 250.

The cassette 250 may comprise a membrane seal on proxi-
mal and distal ends of the lumen of cassette 250 to prevent
egress of the therapeutic agent(s) 150 contained therein and to
prevent contamination of the agent(s) 10. The membrane
seals may be broken by the application of pressure, either by
saline 280 pressure and movement of the isolation plug 260 or
by mechanical movement of same.

Movement of the isolation plug 260 within lumen of cas-
sette 250 causes translational and rotational engagement of
raised spiral guide 254 of cassette 250 with guide region 262
of isolation plug. Such translational and rotational engage-
ment and movement of isolation plug 260 results in a mixing
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state for the therapeutic agent(s) 10 within the lumen of
cassette 250, thereby establishing, restoring and/or maintain-
ing the homogeneity of the agent(s) 10. The spiral guide 254
is illustrated as a raised element, with guide region 262 of
isolation plug 260 complementarily recessed to fit. The oppo-
site situation may also be employed, wherein the spiral guide
254 comprises a recessed spiral guide region with isolation
plug’s guide region 262 comprising a raised complementary
shaping to engage recessed spiral guide region.

Proximal end of cassette 250 may further comprise, in
certain embodiments a connection means 256, e.g., threads or
a snapping connection, for connecting with the distal end of
the delivery sheath 155 prior to insertion into patient. In this
case, the cassette 250 and its load of therapeutic agent(s) 10
will be preloaded ahead of the procedure. Alternatively, one
embodiment of the distal cassette 250 may comprise the
lumen of delivery sheath 155 having a preformed distal seat-
ing within which the preloaded cassette 250 is inserted and
which may be removably covered by a sheath cover that is
axially moveable, i.e., able to expose and/or cover the
installed or inserted cassette 250. The isolation plug 160 may
then be pressured distally against the proximal membrane,
bursting both the proximal and distal membranes and causing
the therapeutic agent(s) 10 to flow into the distal therapeutic
agent delivery means 150 and delivered to the biological
lumen 160.

Turning to FIG. 8, another embodiment of a system 600 for
mixing at least one therapeutic agent before and/or during
delivery of the agent(s) 10 to a distal therapeutic agent deliv-
ery means 150 within a biological lumen 160 is illustrated. In
this embodiment, catheter 13 is positioned in biological
lumen 160, catheter 13 having a lumen therethrough, within
which delivery sheath 155 is slidably and rotatably disposed.
The therapeutic agent(s) 10 are placed into the system 600
through use of the cassette 250 and methods of preloading
described in connection with FIGS. 5-7. In addition, the
syringe 170 for saline injection 180 within lumen of sheath
155 to pressure isolation plug 260 into and through lumen of
cassette 250 may be provided to deliver agent(s) 10 into
lumen of catheter 13 distal to cassette 250, into distal thera-
peutic agent delivery means 150 and into biological lumen
160. In this system 600, the spiral guide 254 of cassette 250
and guide region 262 of isolation plug 260 may be present,
though in alternate embodiments, the spiral guide 254 and
guide region 262 are not present.

System 600 further comprises a slow rotational speed
motor 281, operatively connected with delivery sheath 155
and which causes, when actuated, a slow rotation of delivery
sheath 155. When the therapeutic agent(s) 10 are within
sheath 155, they are thus induced to a mixing state and regain
or maintain homogeneity.

An alternative to the cassette 250 whereby agent(s) 10 are
loaded into sheath 155 of system 600 comprises introduction
of'agent(s) by a syringe at a proximal loading port such as the
port 190 described in connection with FIG. 1.

Further alternatives to the flexible tube cassette 250 may
comprise the therapeutic agent(s) being frozen in a tubular
shape then placed into delivery sheath 155 for thawing and
subsequent pressuring with isolation plug 160.

FIG. 9 illustrates another embodiment of a system 700 for
mixing at least one therapeutic agent before and/or during
delivery of the agent(s) 10 to a distal therapeutic agent deliv-
ery means 150 within a biological lumen 160. In this system
700, a syringe 460 comprising a plunger 465 and a hollow
body 470 as is commonly known in the art. A metallic ball
480, preferably steel, is provided within hollow body 470 and
sized with a diameter that is smaller than the diameter of the
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hollow body 470, to allow the ball 480 rolling movement
within hollow body 470. Disposed outside and adjacent hol-
low body 470 is a rotating magnet 485, rotatable by mechani-
cal or electrical means that will be readily apparent to the
skilled artisan. Actuation of the rotating means induces the
metallic ball 480, magnetically coupled with rotating magnet
485, to roll distally and proximally within hollow body 470,
thereby inducing a mixing state for the therapeutic agent(s)
10 therein and homogenizing agent(s) 10. Actuating plunger
465 after the induction of mixing state results in agent(s) 10
moving out of distal port 490 of syringe 460 and into, e.g., a
proximal port 190 and into lumen of delivery sheath 155
which delivers the agent(s) to distal delivery means 150 for
delivery to biological lumen 160.

FIGS. 10A and 10B provide an embodiment of a syringe
900 for mixing at least one therapeutic agent before and/or
during delivery of the agent(s) 10 to a distal therapeutic agent
delivery means 150 within a biological lumen 160 via, e.g., a
proximal port 190 in fluid communication with lumen of
delivery sheath 155. Mixing syringe 900 comprises a hollow
body 910, wherein therapeutic agent(s) 10 may be loaded.
Syringe 900 further comprises a plunger assembly 920.
Plunger assembly comprises a plunging base 925 disposed
within hollow body 910 comprising a fan 930 with blades 935
the blades 935 operatively connected with a rotatable central
axle 940. Rotatable central axle 940 is, in turn, operatively
connected with a threaded shaft 945 that is in threaded com-
munication and connection with threaded block 950. The
proximal end of threaded shaft 945 comprises a floating
motor 960 mounted thereon, floating motor 960 arranged to
actuate rotation of threaded shaft 945 which causes threaded
translation of threaded shaft 945 through threaded block 950,
and resultant axial translation of fan 930 through the thera-
peutic agent(s) 10 within hollow body 910. This axial trans-
lation of fan 930 results in rotation of fan blades 935, resulting
in a mixing state for the therapeutic agent(s) 10 within hollow
body 910. As the motor 960 spins, the threaded shaft 945
threadingly translates, e.g., distally through threaded block
950 until resistance is encountered at the distal end of the
syringe 900, mixing the therapeutic agent(s) 10 therein to
homogeneity. The distal translation of the threaded shaft 945
and the rotating fan blades 935 pressures some of the homog-
enized therapeutic agent(s) 10 through outflow port 970 and
into, e.g., proximal port 190 which is in fluid communication
with lumen of therapeutic agent delivery sheath 155 which is
in fluid communication with distal therapeutic agent delivery
means 150 for delivery to biological lumen 160.

When resistance is encountered by the device at the distal
end of hollow body 910, the motor 960 reverses causing a
concurrent reversal in the rotational direction of threaded
shaft 945. This results in a reversal of the fan blade 935
rotational direction. The reversing threaded shaft 945 proxi-
mally up through threaded block 950 and hollow body 910,
wherein the fan blades 935 continue to mix and homogenize
the remaining therapeutic agent(s) 10 until proximal resis-
tance is encountered at the proximal end of the hollow body
910. At this point, the motor 960, threaded shaft 945 and fan
blades 935 again reverse rotational direction, the shaft 945
and fan blades 935 moving distally down through the hollow
body 910, again pressuring some of the therapeutic agent(s)
out of hollow body through distal port 970, ultimately to be
delivered to biological lumen 160.

The present invention should not be considered limited to
the particular examples described above, but rather should be
understood to cover all aspects of the invention. Various
modifications, equivalent processes, as well as numerous
structures to which the present invention may be applicable
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will be readily apparent to those of skill in the art to which the
present invention is directed upon review of the present speci-
fication.

What is claimed is:

1. A system for mixing at least one therapeutic agent before
and/or during localized delivery of the at least one therapeutic
agent to treat a bodily disorder, comprising a mixing and
delivery syringe, wherein the syringe comprises:

a hollow body having a proximal end and a distal end,

wherein the at least one therapeutic agent is stored;

a distal port in fluid communication with the distal end of

hollow body; and
a plunger assembly comprising:
a plunging base disposed within the hollow body;
a fan disposed within the hollow body, the fan compris-
ing rotatable blades extending radially from a rotat-
able central axle;
a threaded shaft comprising a distal end rotatably
coupled with the rotatable central axle for enabling
rotational movement of the rotatable blades about the
distal end of the threaded shatt;
a threaded block in threaded communication with the
threaded shaft; and
a floating motor mounted on a proximal end of the
threaded shaft;
wherein,
the motor is configured to rotate the threaded shaft;
the rotation of the threaded shaft in a first direction
induces threaded translation of the threaded shaft
through the threaded block;

the threaded translation of the threaded shaft induces
axial translation of the floating motor, the fan and
the plunging base towards the distal end of the
hollow body; and

the axial translation of the fan induces the rotational
movement of the rotatable blades about the distal
end of the threaded shaft, wherein when resistance
is encountered at the distal end of the hollow body,
the floating motor reverses rotational direction to a
second rotational direction, wherein the rotation of
the threaded shaft in the second direction induces
threaded translation of the threaded shaft through
the threaded block and the threaded translation of
the threaded shaft induxes axial translation of the
floating motor, the fan and the plunging base
towards the proximal end of the hollow body,
wherein when resistance is encountered at the
proximal end ofthe hollow body, the floating motor
reverses rotational direction to the second rota-
tional direction until resistance is encountered at
the distal end of the hollow body.

2. The system of claim 1, wherein the bodily disorder is
within a vasculature.

3. The system of claim 1, wherein the bodily disorder
comprises restenosis.

4. The system of claim 1, wherein the at least one thera-
peutic agent comprises at least one therapeutic cell.

5. The system of claim 1, wherein the at least one thera-
peutic agent comprises a cytoskeletal inhibitor.

6. The system of claim 1, wherein the at least one thera-
peutic agent comprises a smooth muscle inhibitor.

7. The system of claim 1, wherein the rotation of the
threaded shaft in a second direction opposite the first direc-
tion axially translates the fan and the plunging base towards
the distal end of the hollow body.



US 9,050,414 B2

13

8. The system of claim 7, wherein the rotational movement
of the fan at least partially mixes the at least one therapeutic
agent.

9. The system of claim 8, wherein the axial translation of
the fan and the plunging base towards the distal end expels at
least a portion of the at least one therapeutic agent through the
distal port.

10. The system of claim 9, comprising a delivery sheath
comprising:

a distal end; and

aproximal end in fluid communication with the distal port;

wherein, the at least one therapeutic agent expelled through

the distal port exits through the distal end of the delivery
sheath.

11. The system of claim 10, comprising a therapeutic deliv-
ery means in fluid communication with the distal end of the
delivery sheath, wherein the therapeutic deliver means is
selected from the group consisting of: a balloon, a stent, and
a delivery apparatus comprising one or more holes through
which the homogeneous composition is released.

12. The system of claim 10, wherein the bodily disorder is
within a vasulature and wherein the distal end of the delivery
sheath is disposed proximate the bodily disorder.

13. The system of claim 7, wherein the rotational move-
ment of the fan mixes the at least one therapeutic agent into a
homogeneous composition.
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